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ABSTRACT

Background: Persons destined to develop dementia experience an accelerated rate of decline in
cognitive ability, particularly in memory. Early life education and participation in cognitively stim-
ulating leisure activities later in life are 2 factors thought to reflect cognitive reserve, which may
delay the onset of the memory decline in the preclinical stages of dementia.

Methods: We followed 488 initially cognitively intact community residing individuals with epidemi-
ologic, clinical, and cognitive assessments every 12 to 18 months in the Bronx Aging Study. We
assessed the influence of self-reported participation in cognitively stimulating leisure activities on
the onset of accelerated memory decline as measured by the Buschke Selective Reminding Test
in 101 individuals who developed incident dementia using a change point model.

Results: Each additional self-reported day of cognitive activity at baseline delayed the onset of
accelerated memory decline by 0.18 years. Higher baseline levels of cognitive activity were asso-
ciated with more rapid memory decline after that onset. Inclusion of education did not signifi-
cantly add to the fit of the model beyond the effect of cognitive activities.

Conclusions: Our findings show that late life cognitive activities influence cognitive reserve inde-
pendently of education. The effect of early life education on cognitive reserve may be mediated by
cognitive activity later in life. Alternatively, early life education may be a determinant of cognitive
reserve, and individuals with more education may choose to participate in cognitive activities
without influencing reserve. Future studies should examine the efficacy of increasing participa-
tion in cognitive activities to prevent or delay dementia. Neurology® 2009;73:356 –361

GLOSSARY
AD � Alzheimer disease; BL � baseline; CAS � Cognitive Activity Scale; CI � confidence interval; DSM � Diagnostic and
Statistical Manual of Mental Disorders; dx � diagnosis; NIA � National Institute on Aging; SRT � Selective Reminding Test;
WAIS VIQ � Wechsler Adult Intelligence Scale Verbal IQ.

The cognitive reserve hypothesis suggests that some individual characteristics result in mainte-
nance of cognitive function in the face of accumulating dementia pathology in the brain.
Cognitive reserve may reflect structural or functional brain characteristics that protect against
neuropathologic damage caused by the progression of dementia, or compensatory processes
that allow the damaged brain to use intact networks or alternative cognitive strategies that
offset neuropathologic damage. Cognitive reserve has been proposed to explain delayed onset
of clinically diagnosable dementia,1–7 increased levels of brain pathology for given cognitive
status,7–10 and later onset of cognitive decline and more rapid post-onset decline11 seen in
persons with higher education, a possible marker for cognitive reserve.6

Participation in cognitively stimulating leisure activities has also been associated with reduced
rates of dementia12-14 and mild cognitive impairment,15 possibly through some delay in the acceler-
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ation of cognitive decline associated with the ac-
tivity. Such activity has also been shown to be
associated with reduced rates of cognitive de-
cline in a cohort of healthy elderly16 but in-
creased rates of cognitive decline in persons with
Alzheimer disease (AD),17 further providing evi-
dence that such activities might contribute to
cognitive reserve.6 However, not all studies have
found associations.18

In this work, we investigate whether self-
reported participation in cognitively stimulating
leisure activities later in life affects the trajectory
of memory decline in persons who ultimately
develop dementia. Specifically, we use change
point models to ascertain whether the onset of
accelerated memory decline (the change point)
is delayed in persons with greater participation
in such activities, how the rate of decline after
the change point is affected, and whether these
effects are explained by education early in life.
We hypothesized that much of the previously
reported effects of early life education might be
mediated through participation in cognitively
stimulating leisure activities later in life.

METHODS The Bronx Aging Study cohort included 488
healthy community-dwelling individual volunteers living in Bronx
County, New York, enrolled between 1980 and 1983. Study de-
sign, methods, and demographics have been previously de-
scribed.4,12,15,19 –22 The study enrolled English-speaking subjects
between ages 75 and 85 years. Exclusion criteria included previous
diagnoses of idiopathic Parkinson disease, liver disease, alcoholism,
or known terminal illness; severe visual and hearing impairment
interfering with completion of neuropsychological tests; and pres-
ence of dementia. One study participant is still alive and healthy (no
dementia) as of July 2008; all others were followed until lost to
follow-up or death. The inception cohort was middle class, 90%
white, and 64.5% women. The analysis includes 101 study partici-
pants who were cognitively normal at baseline, reported their formal
education and participation in leisure activities at baseline, and de-
veloped dementia during follow-up.

Standard protocol approvals, registrations, and patient
consents. The local institutional review board approved the
study protocols. Written informed consent was obtained from all
subjects and surrogate decision makers at enrollment.

Cognitive evaluation. An extensive battery of validated neuro-
psychological tests was administered to all subjects at all study visits
and was used to inform dementia diagnosis at case conferences. For
the purposes of this study, we examined performance on the Bus-
chke Selective Reminding Test (SRT),23 a word list memory test
that was not used as part of the diagnostic process. The sum of recall
on SRT has been reported to predict incident dementia in this
cohort.11,24–26

Dementia diagnosis. At study visits, subjects with suspected
dementia received a clinical workup, including CT scans and
blood tests to rule out reversible causes of dementia. Triggers for

workup for reversible or underlying causes of dementia during
the follow-up visits included reports of new or progressive mem-
ory or other cognitive symptoms by the subjects or caregivers
during study visits, observations made by study clinicians during
the clinical and neurologic evaluations, Blessed test perfor-
mance27 (decrease of 4 or more points since the previous visit or
more than 8 errors on the current visit) and a pattern of worsen-
ing scores (cut scores not used) on the neuropsychological test
battery were compared to previous visits. As noted above, the
SRT score was not used as part of the diagnostic process.

A diagnosis of dementia was assigned at case conferences
attended by study neurologist, neuropsychologist, and a geriatric
nurse clinician, using the DSM-III, and the DSM-III-R criteria
after 1986.28,29 Updated criteria for dementia and subtypes were
introduced after the study launch. To ensure uniformity of diag-
nosis, all cases in the inception cohort were reconferenced in
2001 by a neurologist and a neuropsychologist who did not par-
ticipate in diagnostic conferences from 1980 to 1998.20 The di-
agnosticians had access to all available information for each
subject at the conference, including results of any investigations
performed at or after the study visit when dementia was diag-
nosed. Disagreements between raters were resolved by consensus
after presenting the case to a second neurologist.

Leisure activities. Leisure activities may be defined as activi-
ties that individuals engage in for enjoyment or well-being, inde-
pendent of work or activities of daily living.12,15 At baseline,
subjects were interviewed about participation in 6 leisure time
cognitive activities (reading, writing, crossword puzzles, board or
card games, group discussions, or playing music). We coded self-
reported frequency of participation to generate a scale on which
1 point corresponded to participation in 1 activity for 1 day per
week. For each activity, subjects received 7 points for daily par-
ticipation; 4 points for participating several days per week; 1
point for weekly participation; and 0 points for participating
occasionally or never. We summed activity days across activities
to generate a Cognitive Activity Scale (CAS) for each partici-
pant.12 The intraclass correlation estimated from a random inter-
cept mixed linear model fit via restricted maximum likelihood
across all Bronx Aging Study participants responding to the
questionnaire was 0.41, meaning that 59% of the total variability
in CAS scores was within-subject variability. CAS scores on these
scales were not correlated with age.12 These statistics suggest
some stability in self-reported participation over time, an imper-
fect surrogate for cumulative lifetime exposure to cognitively
stimulating activity, and therefore a potential predictor of future
cognitive decline and incident disease.

Statistical methods. We modeled scores on the SRT as a
function of the subjects’ self-reported participation in cognitively
stimulating leisure activities, and time before diagnosis of de-
mentia (measured in years) for each subject contributing obser-
vations to the analysis. The basic conceptual model assumes that
memory as measured by the SRT declines at a constant (possibly
insignificant) rate before some unknown change point (pre-
sumed to be several years before dementia diagnosis), after which
the decline would be more rapid. This assumption is supported
by theory30 and by previously reported findings from this co-
hort11,19 and elsewhere.31 The rates of decline were also assumed
to be constant in time, but random effects were used to allow
that rate to vary across individuals. The expected SRT score at
the change point, and the rates of decline before and after the
change point, were estimated from the data. The change point
and the rates of decline before and after were allowed to vary as a
function of self-reported participation in the leisure activities as
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measured by the score on the CAS. Interaction terms were in-
cluded in the model to allow the rates of cognitive decline before
and after the change point to vary as a function of CAS score.
Details, including model equations, are available in appendix e-1
on the Neurology® Web site at www.neurology.org. We also fit a
similar model in which both CAS score and education were al-
lowed to affect the change point and the rates of cognitive de-
cline to consider the possibility that one of the 2 measures may
confound or mediate the effect of the other.

If the change point were known a priori, the model would be
a linear model in the unknowns; however, the unknown change
point makes this part of a class of statistical models called nonlin-
ear mixed effects models.32 Maximum likelihood, assuming nor-
mal distributions for the SRT scores and the random effects, was
used to estimate all model unknowns, using the SAS procedure
NLMIXED (SAS Institute, Cary, NC, http://www.sas.com).
Missing clinic visits were assumed to be at random, and the
Akaike information criterion33 was used to assess whether the
random effects added to the model fit.

RESULTS The 101 study participants contributing
data to these analyses averaged 79.5 years of age at
baseline (range 73.4–87.4 years). Sixty-two percent

were women, and 91% were non-Hispanic whites.
The mean score on the Buschke SRT23 at baseline
was 32.8 (SD 10.8). The mean time to dementia
diagnosis was 5.0 years (maximum 15.9 years), a to-
tal of 505 person-years of follow-up over 351 clinic
visits.

The median score on the cognitive activity scale
was 7 activity days (lower/upper quartiles 4, 11). Ten
of the 101 participants reported no activities and 11
reported 1 activity day per week; at the other ex-
treme, there was 1 report each of 16, 19, 21, 25, and
28 activity days; the last datum would indicate daily
participation in 4 of the 6 queried activities. The cor-
relations of the contributions of the activity days
contributed by each of the 6 activities ranged from
�0.093 to 0.216, showing that study participants
who participate in 1 activity may not necessarily par-
ticipate in others. Standardized Cronbach alphas
ranged from 0.24 to 0.42.

Table 1 lists demographics of the 101 participants
by reported baseline cognitive activity.

The Spearman correlation of SRT score at base-
line with self-reported years of education was 0.20
(p � 0.048), and of SRT score with CAS score was
0.18 (p � 0.067); the Spearman correlation of CAS
score and education was 0.25 (p � 0.012). This sug-
gests that education, cognitive activity, and memory
might be at least somewhat independent of each
other. Forty-seven of the participants were classified
as probable or possible AD, 25 as probable or possi-
ble vascular dementia, 23 as mixed dementia, and 6
as other subtypes (2 Lewy body dementia, 1 Pick
disease, 2 vitamin B12 deficiency, 1 parkinsonian de-
mentia). The median time from baseline to dementia
diagnosis was 4.4 years (lower/upper quartiles 2.0,
6.7 years, maximum 15.9 years). Participation in
cognitively stimulating leisure activities was not asso-
ciated with the age at which dementia was diagnosed.

Table 2 shows the results for the change point
model. Effect of cognitive activities is reported in
terms of activity days (participation in 1 activity for 1
day in a week). Each additional activity day resulted
in 0.18 years delay in the beginning of accelerated
memory decline, but once the decline began, the rate
of decline was 0.14 SRT points per year more rapid
for each additional activity day. There was no evi-
dence for heterogeneity in rate of decline either be-
fore or after the change point, so those random
effects were dropped from the model. Similar results
were observed when the analyses were restricted only
to participants with a clinical subtype of AD.

The figure shows the relationship between cogni-
tive activity and the natural history of memory. A
typical study participant whose cognitive activity
participation was at the upper quartile (75% percen-

Table 1 Demographics of study participants included in analyses stratified by
cognitive activity (<> median baseline level of cognitive activity 7
activity days)

Cognitive Activity Scale

<7 >7 p Value

n 59 42

Age at BL (range) 79.5 (74.3–85.6) 78.9 (73.4–87.4) 0.44

Median education (range), y 8 (2–17) 9.5 (2–17) 0.034

No. of men (%) 22 (37.2) 16 (38.0) 0.9

Median Blessed at BL (range) 4 (0–8) 2 (0–8) 0.13

Mean SRT (SD) 30.6 (11.4) 36.0 (9.1) 0.019

Range of SRT scores 6–55 21–58

Mean estimated WAIS VIQ (SD) 100.4 (14.9) 105.6 (17.6) 0.24

Range of WAIS VIQ 68–127 78–154

Median time to dx 2.9 4.9 0.057

BL � baseline; SRT � Selective Reminding Test; WAIS VIQ � Wechsler Adult Intelligence
Scale Verbal IQ; dx � diagnosis.

Table 2 Estimates from change point model

Estimate SE 95% CI p Value

SRT score at time of change point
(model intercept)

35.5996 1.43 (32.76 to 38.44) �0.0001

Rate of decline (SRT points/y) before
change point

�0.6973 0.22 (�1.13 to �0.26) 0.002

Rate of decline (SRT points/y) after
change point for median activity days (7)

�2.0766 0.32 (�2.72 to �1.44) �0.0001

Change point (years before diagnosis)
for median activity days (7)

�5.5199 0.78 (�7.06 to �3.98) �0.0001

Delay in change point (years) for each
additional activity day

0.1837 0.075 (0.036 to 0.332) 0.016

Change in post–change point slope for
each additional activity day

�0.1361 0.047 (�0.229 to �0.043) 0.004

CI � confidence interval; SRT � Selective Reminding Test.
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tile) of the cohort, with 11 activity days per week,
had his or her accelerated decline delayed by 1.29
years compared with a typical study participant
whose cognitive activity participation was at the
lower quartile (25%th percentile) with 4 activity days
per week. The model results also indicate that partic-
ipants who had reported more cognitive activity at
baseline had nonsignificantly lower (poorer) scores
on the SRT at the time of diagnosis.

These results show that participation in cogni-
tively stimulating leisure activities has a similar effect
on the natural history of memory decline in preclini-
cal stages of dementia as did education in this same
cohort.11 We then considered a model in which both
education and leisure activity participation could af-
fect the change point and the rate of post–change
point decline. Education and cognitive participation
were associated with both a delay in the onset of cog-
nitive decline and an increase in the postacceleration
rate of decline; however, the addition of education
did not improve model fit (likelihood ratio test statis-
tic � 2.0 with 2 degrees of freedom; p � 0.37. Sim-
ilarly, when interaction terms between education and
cognitive activity were added to the model, they
proved nonsignificant.

DISCUSSION We have previously shown that edu-
cation delayed the onset of accelerated cognitive de-
cline using the Buschke SRT as a measure of memory
performance in persons who develop dementia.11 In
this study, we show a nearly identical effect for par-

ticipation in cognitively stimulating leisure activities
in a slightly smaller subset of the same cohort. Each
additional activity day of participation in cognitively
stimulating leisure activities at baseline delayed the
onset of accelerated memory decline in subjects who
developed dementia by 0.18 years. However, once
the decline began, the rate of decline was 0.14 SRT
points per year more rapid for each additional activ-
ity day in those subjects. Our work is consistent with
previous findings that participation in cognitive ac-
tivities is associated with reduced rates of cognitive
decline in healthy elderly16 but with more rapid cog-
nitive decline in persons with AD,17 as well as earlier
work that found that cognitive activity mediates the
effect of education on the risk of AD.14

Participation in cognitive activity was associated
with delayed onset of accelerated memory decline
even though activity was measured only at a single
point in time. Study volunteers were not asked how
long they had been participating in these activities, or
whether they had recently increased or decreased
them. Thus the self-report at baseline was probably a
quite imperfect measure of activity participation later
in life, and the actual effect of participation in cogni-
tive activities might be stronger than those we ob-
served. Participants who had reported more cognitive
activity at baseline had nonsignificantly lower
(poorer) scores on the SRT at the time of diagnosis,
possibly an artifact of later diagnosis because of the
delayed functional impairment which is required for
DSM dementia criteria. Diagnosis using only neuro-
psychological criteria might have shown an even
larger effect of cognitive activity.

Our analysis of the individual activities that con-
tributed information to the cognitive activities scale
showed that persons who engage in 1 activity did not
necessarily participate in others, resulting in low in-
ternal consistency of the CAS. Internal consistency is
important when the measures are fallible indicators
of an underlying construct, each estimating a latent
variable. This was not unsurprising to us; the CAS
was designed to cover a variety of measurable cogni-
tive activities rather than an underlying theoretical
construct, and the activities themselves are very dif-
ferent from each other. This creates the possibility
that some of the activities included in the CAS may
have much greater reserve effects than others. In ad-
dition, the CAS also did not allow for the potential
for less than weekly activity to contribute to cogni-
tive reserve. We plan to examine dose–response ef-
fects of individual cognitive activities in this and
other cohorts in an attempt to better define the
mechanisms by which particular cognitive activities
might differentially affect cognitive reserve. The ulti-
mate test of any reserve measure will be its predictive

Figure Memory performance as a function of time and cognitive activity

Narrow lines show individual participants’ repeated scores on the Buschke Selective Re-
minding Test over time; participants reporting more than 7 activity days are shown in green,
and participants reporting 7 or fewer are shown in red. The wide lines show the expected
trajectories for a hypothetical participant whose reported activity participation is at the
75th percentile (green, 11 activity days) and 25th percentile (red, 4 activity days).
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ability, regardless of the internal consistency of its
constituent parts. We report our original cognitive
activity scale because it was our a priori measure, was
used in our previous work, and is similar to cognitive
activity scales used elsewhere.14 We plan to report on
reserve effects of individual activities in the future.

Cognitive activity remained significant after edu-
cation was added as a predictor of the change point
and the rate of decline, and education did not signif-
icantly add to the fit of the model in our analyses.
One possible explanation is that the effect of early life
education is mediated through late life participation
in cognitively stimulating activities. If this is so, a
cognitively active and engaged lifestyle may mediate
the influence of early life education on cognitive
reserve. Other studies have found that high-
functioning individuals are more likely to participate
in cognitively stimulating activities,18 but in our ini-
tially healthy cohort the correlation between cogni-
tive activity and memory at baseline was small and
nonsignificant, reducing the likelihood that the re-
sults are due to self-selection for participation in cog-
nitive activity. A second possibility is that reserve
could be primarily the function of late life cognitive
activity, with education simply a marker that is both
easier to measure and a predictor of late life activity.
This would also support the conjecture that the mecha-
nism behind cognitive reserve is the development of
compensatory processes in response to participation in
cognitive activities that mask the effects of brain
damage from dementia pathology until some damage
threshold is passed, rendering the compensation inef-
fective. Further evidence for this is that participation
in cognitively stimulating leisure activities was not
associated with a delay in the age of diagnosis of
dementia. A third possibility is that despite the
limitations noted above, the single self-report of par-
ticipation in cognitive activities might be a better
measure of cognitive reserve than the self-report of
number of years of formal education. Self-reported
education in this study is not a measure of the quality
of intensity of early life education, because partici-
pants were asked only number of years of formal ed-
ucation and no attempt was made to adjust for
quality. A fourth possibility is that there is indeed
some shared variance between cognitive activity and
education, but that the study lacked power to detect
such an effect. A fifth possibility is some unusual
characteristic of the Bronx elderly population that
affects generalizability, although we have not found
such a characteristic over many previous analyses.
Nevertheless, the effect of participation in cognitive
activities seems to be at least somewhat independent
of education, suggesting that engagement in cogni-
tive activities in late life might maintain cognitive

vitality regardless of baseline educational attainment.
A prospective intervention study could be designed
to address these possibilities.
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